Abstract. A case of probable mimicry in two species of bees in the genus Neocorynura (Neocorynura rufa MICHENER, 1954 and N. panamensis ENGEL, 1997) is described; diagnostic characters and a key to separate the species of Central American bees with black-red (aposematic) pattern of coloration are also provided. The phylogeny of selected species groups and the evolution of different mimicries in the genus are discussed.
I. INTRODUCTION
Mimicry (Batesian and Müllerian) in insects and its relation with aposematic colors has been studied broadly in insects (TURNER 1984 (TURNER , 1987 WALDBAUER 1988; EDMUNDS 2000; SRYGLEY 2004) , largely in butterflies (RITLAND 1991; SMITH et al. 1993; WEST 1994; OHSAKI 1995; SIM-MONS & WELLER 2002; SIMMONS & WELLER 2002; PINHEIRO 2003; NAISBIT et al. 2003; FLANA-GAN et al. 2004 ), flies (HOWARTH & EDMUNDS 2000; HOLLOWAY et al. 2002; LONDT 2003; HOWARD et al. 2004 ), beetles (FISHER & TUCKERMAN 1986; HETZ & SLOBODCHIKOFF 1988; HETZ & SLOBODCHIKOFF 1990; DEL-CLARO 1991; MACHADO et al. 2001) and to some extent in hymenopterans, especially in ants (HESPENHEIDE 1986) , and wasps (WALDBAUER 1985; QUICKE et al. 1992; BIÈIK & LÁSKA 1997) . Studies related to mimicry in bees are limited to comments on the similarity of some bees to other bees (DRESSLER 1979 (DRESSLER , 1982 ROUBIK 1989; MICHENER 2000) , or bees to wasps and other stinging insects (EICKWORT 1969; SARMIENTO 1993; MICHENER 2000) .
Resemblance of bees to wasps typically occurs among parasitic bees (MICHENER 2000) , but it is uncommon in non-parasitic lineages; some of the few examples documented of non-parasitic bees resembling wasps are in the genus Neocorynura (Hymenoptera: Halictidae). This genus is highly diverse in morphology, nesting behavior (some of its species nest in the soil or rotten wood), altitudinal distribution (can be found from the sea level to the high mountains about 2.500 m: GONZALEZ & ENGEL 2004) and relationships with plants (broadly polylectic) (MOURE & HURD 1987; EICK-WORT 1969; ENGEL 2000) .
I used the word mimicry entirely without behavioral justification. In reality, I merely mean to indicate resemblance to my eyes, based on dead specimens on pins (see discussion).
The genus Neocorynura provides an excellent opportunity for studies in mimetic behavior of bees. It is highly speciose (-100 spp); some species of which mimic vespid social wasps, mostly of the genus Polybia (Hymenoptera: Vespidae), while others mimic crabronid wasps (Hymenoptera: Crabronidae), or pompilid wasps (Hymenoptera: Pompilidae, spider-hunter wasps). Furthermore, there are at least four different groups within Neocorynura, two of which are mimetic, the two other groups are "typical" Augochlora-like bees, but one is more setose (fuzzy) than the other.
One group of mimetic Neocorynura (here referred as the "crabronid/ pompilid-like" Neocorynura mimetic group) includes two species (Neocorynura rufa MICHENER and N. panamensis ENGEL). They are possible mimics of Paratetrapedia calcarata (CRESSON) (an abundant bee species) and of several genera of wasps of the families Pompilidae, Vespidae, and Crabronidae (the models), that have similar aposematic coloration (head and thorax black and metasoma red). All of them are largely sympatric in Panamá and Costa Rica. Furthermore, there are some other species of nonrelated bees (Apidae: Meliponini) co-occurring in the same region with the same pattern of coloration (Table 1, Fig. 3 ).
In this paper I will discuss the phylogenetic placement of the two species of crabronid/pompilid-like Neocorynura and the evolution of mimicry in the genus as a whole. In addition, I present diagnoses for the two mimetic species of Neocorynura from Panamá and Costa Rica and provide keys to separate them from one another and from other species of bees with the same pattern of coloration (Appendix 1).
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II. MATERIAL AND METHODS
Morphological observations, measurements and illustrations were made using an ocular micrometer on an Olympus SZ60 microscope. The abbreviation PD is used for puncture diameter. Morphological terminology follows that of MICHENER (2000), ENGEL (2001), and HARRIS (1979) for surface sculpturing. The word "imbricate" is used for the microsculpturing of the cuticular surface, usually between punctures or other coarser sculpturing. Diagnosis format follows that used for other augochlorine bees (e.g., ENGEL 1999; ENGEL & SMITH-PARDO 2004; SMITH-PARDO & ENGEL 2005) .
The phylogenetic analysis presented here is part of a more comprehensive study (SMITH-PARDO, in prep.) focusing on the evolutionary relationships among the species of the genus Neocorynura. In this analysis a total 63 taxa and 188 characters (morphological, ecological, and behavioral) were used. All characters were equally weighted and considered nonadditive. The cladistic analysis was performed using the programs WinClada V. 1.00.08 (NIXON 1999 (NIXON -2002 and NONA (GOLOBOFF 1993) , with the following criteria: heuristic, and unrestricted search (multiple TBR + TBR) with 1000 replications, with a maximum of 10000 trees to be kept. The trees were visualized using WinClada and edited and printed using Adobe Illustrator Ver. 10. A complete account of the phylogenetic study as well as diagnostic characters for all the species of Neocorynura employed here will be presented elsewhere.
The specimens used for this study are in the following institutions: 
III. TAXONOMY
Neocorynura panamensis ENGEL Fig. 1 Neocorynura panamensis ENGEL, 1997: 20-22 D i a g n o s i s. Neocorynura panamensis is most similar to N. rufa in overall appearance: black head and mesosoma, and reddish to orange metasoma. In addition to those characters mentioned by ENGEL (1997), these species can be separated by the following characters: sides of base of propodeum imbricate and poorly punctate, sides of pronotum produced and angular, mesopleura sparsely punctate (punctures separated by 1 PD), and first recurrent vein of forewing connected to third submarginal cell.
C o m m e n t s. In the remarks following the description of the species, ENGEL (1997) described N. panamensis as a relative of N. rufa (based on the overall similarity) and considered the two species "almost indistinguishable from one another". ENGEL was right to affirm that these two species are the only ones known having a completely fulvous metasoma, which in combination with a black head/ mesosoma leads me to consider them as having "black-red" aposematic coloration. M a t e r i a l e x a m i n e d. This species is only known from the type material, collected in Panam|:
Holotype Neocorynura rufa MICHENER, 1954: 79, 82 Neocorynura (Neocorynura) rufa: MOURE & HURD 1987: 227 D i a g n o s i s. Neocorynura rufa can be easily separated from N. panamensis by having the base of the propodeum strongly striate, sides of the pronotum not strongly produced and obtuse, the mesopleura densely punctate, and the first recurrent vein of forewing meeting 1r-m.
C o m m e n t s. MICHENER (1954) separated this species from other species of Neocorynura by the "largely red abdomen of the female and other characters indicated in the accompanying key", the key includes in addition to the coloration of the metasoma, only the integument of mesoscutum: "…anterior part of the mesoscutum with punctures coarser than elsewhere and separated by dull ground", a character that is variable among species of the genus and that can be hardly used to separate specimens within the genus if not accompanied by other characters. 
Phylogenetic analysis
Analysis of the data matrix (SMITH-PARDO, in prep.) resulted in six most parsimonious topologies (Fig. 4) , with the following descriptive statistics: length = 3396 steps; C. I. = 14; R. I. = 38. The two species used herein as an example form a clade with Neocorynura nuda MICHENER (also from Central America); this species has, however, a different pattern of coloration, and superficially resembles some other species of Neocorynura in other clades, identified as the "Polybia-like" mi- 
Mimetisms
A total of at least fifteen species belonging to at least 13 genera of hymenopterans (including a species of bees) was found to be possible models of the two species of Neocorynura (Neocorynura rufa and Neocorynura panamensis) used in this study (Table 1, Fig. 3 ). In addition, at least two types of mimicry within the genus Neocorynura were recognized in the phylogenetic analysis: crabronid/ pompilid-like, and Polybia-like (Fig. 4) .
The resulting topology of the phylogenetic analysis shows some interesting aspects on the evolution of mimicry within the genus Neocorynura when the different types of probable mimics where included (in parenthesis) and associated to the different species groups. The black-red aposematic coloration on Neocorynura used here as example, arose only once in the evolution of the genus. Furthermore, it is also clear that the most primitive forms of Neocorynura species belong to the setose "Augochlora-like" group (similar to the genus Andinaugochlora sensu MICHENER 2000) and perhaps like the common ancestor for the two genera. The same phylogeny also shows how the most basal species in the clades where the mimetisms occur (N. polybioides and N. aenigma) are "Polybia-like" mimics.
IV. DISCUSSION
The possible mimetic relations described here are hypothetical and mostly based in the observations of the color patterns and shapes of the specimens in collections and supported by the fact that the stings of the models are strong and can inflect pain/ deter predators. Besides the raw observations in flight behavior (slow and "tranquil" of at least other Neocorynura species -not observed for N. rufa or N. panamensis-and all the models) and stings of models when handling specimens, there is no conclusive field data on the effect such defenses may have on predators/ parasites; there are however, substantial data supporting the abundance of the models compared to the two possible mimics in the genus Neocorynura, one of the requirements for Batesian mimicry.
The two species of Neocorynura and the unrelated and related species sympatric with them in Panamá and Costa Rica constitute a possible Batesian mimetic complex with the wasps and Paratetrapedia relationship possible being Müllerian. Other bees in the complex include Cephalotrigona zexmeniae, Oxytrigona daemoniaca, and Trigona fulviventris (Fig. 2, Table 1 ). These bees have a weak sting apparatus (as in all Meliponini) but may protect themselves from predators because they have appearances similar to those of aggressive, strong and well-equipped wasps and bees (e.g. Paratetrapedia calcarata CRESSON). On the other hand, the Meliponini may well be protected by chemical attributes (e.g. Trigona fulviventris GUÉRIN).Thus they, too, would be members of the group of models. The relative high abundance of social wasps such as those in the family Vespidae and of Trigona bees is also a possible factor involved in these kind of interactions, because for a Batesian mimic to be successful, it must have more models than mimics, so there is continuous re-
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inforcement of what a bad taste or sting "looks like". In this case, the supposed mimics are rare while the supposed models are among the common insects in the area.
In the course of evolution an Augochlora-like ancestor gave rise to the types of mimetisms (i.e."Polystes-like", and "crabronid/ pompilid-like") found in Neocorynura, although some species remained with the green Augochlora-like appearance.
Neocorynura is a highly diverse genus, with a broad latitudinal and altitudinal distribution, indicating some success in occupying many different ecosystems with their own intra-and interspecific interactions (such as competition and predation/ parasitism). One of the possible reasons for such success may be that so many species in the genus have evolved these kinds of mimicry. This strategy is one of the ways in which some species can protect themselves from possible predators or parasites, and may be one of the driving forces in diversity of bees. From a historical-biogeographic point of view, the results showed here are in agreement with EICKWORT's hypothesis (1969) that the origins of the tribe and the genus Neocorynura are in tropical South America (where the most primitive species groups of the genus are restricted, and where most of the species diversity occurs). From tropical South America they most have radiated north to Central and North America and south to northern Argentina and Paraguay. This same hypothesis may help to explain why most of the species in the most northern and southern zones are restricted to those areas (e.g. in Mexico most of the species are endemic, SMITH-PARDO in pres.).
